Thermodynamic study of domain organization in troponin C and calmodulin.
Intramolecular melting of troponin C, calmodulin and their proteolytic fragments has been studied microcalorimetrically at various concentrations of monovalent and divalent ions. It is shown by thermodynamic analysis of the experimentally determined excess heat capacity function that the four calcium-binding domains in these two related proteins are not integrated into a single co-operative system, as would be the case if they formed a common hydrophobic core in the molecule, but still interact with each other in a very specific way. There is a positive interaction between domains I and II, which is so strong that they actually form a single co-operative block. The interaction between domains III and IV is positive also, although much less pronounced, while the interaction between the pairs of domains (I and II) and (III and IV) is negative, as if they repel each other. The structure of the co-operative block of domains I and II at room temperature does not depend noticeably on the ionic conditions, which influence its stability to a small extent only. The same applies to domain IV of calmodulin, but in troponin C this domain is unstable in the absence of divalent ions, in solutions of low ionic strength. In both proteins, the least stable is domain III, which forms a compact ordered structure at room temperature only in the presence of Ca2+. In troponin C, calcium ions can be replaced by magnesium ions, although the compact structure of domain III formed by these two ions does not seem to be quite identical. Thus, at conditions close to physiological, with regard to temperature and ionic strength, the removal of free Ca2+ from the solution induces in both proteins a reversible transition of domain III to the non-compact disordered state. This dramatic Ca2+-induced change in the domain III conformation in troponin C and calmodulin might play a key role in the functioning of these proteins as a Ca2+-controlled switch in the molecular mechanisms of living systems.